Fluid flow rate: Q i ; flow rate ratio r Q = 2Q s /Q m ; 5CB fluid width determined at the top w m (top) and approximate middle position of the channel (in the x direction) w m (middle).
Lack of symmetry in the nematic orientation profile at low flow ( < 0.1 μL/min) As mentioned in the main text, there is a small lack of symmetry between the data points for upper and lower halves of the microchannel (Fig. 5a,b ). This is more evident for Q < 0.1, but also observable for Q > 0.1 μL/min. This is likely to be a result of a small tilt in the microchannel relative to the incoming x-ray beam (the β angle - Fig. 2 ). The tilt β is predicted to be very small (< 2º), but this can cause a small change in the projection of θ on the y,z plane. Because the tilt is asymmetric, the result is also asymmetric. Because for Q > 0.1 μL/min θ is almost always constant, the asymmetry is not as pronounced as for Q < 0.1 μL/min, where θ varies more smoothly between larger values down to zero. Close to the edges, the small tilt in β also enlarges the edge cross section, which can originate non-trivial effects when the edge is hit by the beam. This is why some data points close to the edges change angle so abruptly and in opposing directions (open data points in Fig.   5a -b).
Fitting the θ(z) profile
The measured θ(z) profile is a projection of all the θ values within the channel onto the plane of the detector (y-z plane). θ is the angle between the nematic director and the velocity direction, and is rotated by φ to the velocity gradient direction. Because the channel cross-section is square, the gradient is symmetric about the center of the channel, and therefore, φ has a profound effect on the projection of θ in the y-z plane.
To calculate φ we need the velocity profile from which to determine the velocity gradient. Once the velocity gradient is determined, φ is obtained through:
The normalized Poiseuille velocity profile of a Newtonian fluid under laminar flow can be obtained through:
where h is the channel gap size (100 μm). Nematics are non-Newtonian, and the velocity profile is known to deviate from this expression to some extent. Jewell et al 2 have
determined the velocity profile of 5CB flowing in a microchannel with a depth of 35 μm and a width of 3 mm and average velocities of 5, 16 and 27 μm/s. In that case, the width direction is much larger than the depth, which makes it effectively a neutral direction.
The relevant velocity gradients are therefore in the depth direction. As an approximation, we assume that the velocity profile of 5CB across the depth direction can be translated from 35 to 100 μm, which is the width of our channel. We also assume that since our channel has a square cross-section, the flow profile is identical in both width and depth.
As such, we: (i) extract with some approximation the data from Jewell et al for v 0 = 27 μm/s (note that all our measurements in simple flow for Q ≥ 0.1 μL/min have a mean velocity above 160 μm/s - Table S1 , and all have a similar director orientation profile);
(ii) renormalize the depth from 35 to 100 μm; and (iii) fit it with a polynomial of the type v(x) = a 1 x 6 + a 2 x 4 + a 3 x 2 + a 4 (only the even terms). After this the two-dimensional velocity profile is obtained through
We note that the absolute values of both profiles are irrelevant since φ is calculated from the ratio of the velocity gradients in the x and z directions (eq. s1). A comparison of the Poiseuille and non-Newtonian velocity profiles in 1D is shown in Fig S1 . The 2D
Poiseuille and non-Newtonian velocity profiles are shown in Fig S2, and the respective velocity gradients are shown in Fig S3. As can be seen in figures S1-S3, the Poiseuille velocity profile is broader than the nonNewtonian. This leads to the gradient being more accentuated in the peripheral region in the former, and more accentuated in the central region in the latter (Fig S3) . Nonetheless, since φ is calculated from the ratio of the velocity gradients in the x and z directions, these differences become almost unnoticeable in the calculated φ profiles for both types of flow as can be confirmed in Fig S4. The θ profile is assumed as constant, equal to the shear angle θ S predicted by the ELP theory, all across the channel, except within the central boundary layer e 2 , where it falls linearly to zero at the center of the channel. Fig S5 shows the used 1D and 2D profiles. Now, with the 2D θ and φ profiles, the projection of θ in the y-z plane can be obtained through the following simple expression:
Eq. s4 originates a 2D profile which when averaged along the x direction results in the θ yz (z) 1D profile measurable in this work.
The final step of the fitting process is to include finite beam size effects into the model. Here e 2 takes the maximum value of 9 μm for ease in visualization. θ is equal to the shear angle θ S (here 11º) throughout the whole channel, except inside of e 2 , where it decays linearly to 0º at the center of the channel. As an approximation, the variations between all the angles are assumed as straight lines. e 1 is neglected in this model, since our measurements are not accurate in the immediate vicinity of the channel walls. (Right) Two-dimension θ profile, with the same parameters as the left panel. 
